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ENHANCED INTERCONNECTION TO
CERAMIC SUBSTRATES

This invention relates to integrated circuit construction

betWeen a ?rst component having a relatively high thermal
coef?cient of expansion (TCE) and a second component
having a relatively loW TCE. The interposer comprises a thin
substrate having a TCE intermediate the relatively high TCE
and the relatively loW TCE and a plurality of through holes

and, more particularly, to an enhanced interconnection to

that are electrically insulated from one another. An electrical

ceramic substrates of a semiconductor chip or printed circuit
board.

conductive material ?lls each of the insulated through holes
for electrical interconnection betWeen the ?rst component
and the second component.

FIELD OF THE INVENTION

BACKGROUND OF THE INVENTION

In one embodiment of the invention the substrate is a thin

metal plate having a thickness in the range of 2—8 mils. The

The evolution of electrical and electronic circuitry from

component circuits to integrated circuits, particularly micro
electronic integrated circuits, has presented various neW
considerations in circuit design. Among these considerations
is the necessity of connecting circuits on the semiconductor

substrate includes an insulation coating on the thin metal

plate including on Walls of the through holes. The insulation

coating comprises an oxide coating.
15

chip to other chips or devices mounted on a printed circuit
board. This is because not all connections can be made
inside a single chip. Therefore, it is necessary to connect
externally to different I/O areas With external conductors,
such as Wires. Likewise, poWer must be supplied to the

thin metal plate having a plurality of through holes, the thin
metal plate having a TCE intermediate the relatively high

semiconductor chips.
In order to eliminate use of Wiring, chip carriers have
found Widespread use. The chip carrier consists of a sub
strate having I/O pads on either side With internal connec
tions betWeen the I/O pads. Referring to FIG. 1, an exem
plary such prior art integrated circuit is illustrated With a

25

semiconductor chip 10, a chip carrier 12, and a printed
circuit board 14. The chip 10 is connected to I/O pads of the

chip carrier 12 using, for example, solder balls 16. Likewise,

either side of the chip carrier 12 are formed in an array

coating comprises an oxide coating.
It is still a further feature of the invention that the chip

comprises a multi-chip module and the interposer comprises
a segmented interposer.
It is still another feature of the invention to provide
35

conductive I/O pads on either side of the through openings
electrically connected to the conductive material.
It is yet another feature of the invention that the second

component is a glass/ceramic substrate having I/O pads and
the interposer is joined to the substrate by co-sintering the
substrate I/O pads and the interposer I/O pads.

With a conventional design, such as illustrated in FIG. 1,

the chip has a relatively loW thermal coef?cient of expansion
(TCE) on the order of 3 ppm/° C. The chip carrier 12 is

It is still a further feature of the invention to provide
conductive pins braZed to I/O pads on one side of the
interposer. In one aspect, the second component is a glass/

typically constructed of a glass ceramic and also has a TCE

of about 3 ppm/° C. The board 14 Which is typically
constructed of an organic material has a substantially higher
TCE on the order of about 19 ppm/° C., typically. The

TCE and the relatively loW TCE. An insulation coating on
the thin metal plate is also included on Walls of the through
holes. An electrical conductive material ?lls each of the
insulated through holes for electrical interconnection
betWeen the ?rst component and the second component.
It is a feature of the invention that the thin metal plate is
a metal foil having a thickness in the range of 2—8 mils.
It is another feature of the invention that the insulation

opposite I/O pads of the chip carrier 12 are connected to the
board using solder balls 16. As is knoWn, interconnections
can also be provided by controlled collapsible chip connec
tors (C4s), columns, pins or the like. The solder balls 16 on
corresponding to the location of the I/O pads. This construc
tion is conventionally referred to as a ball grid array (BGA).
Although not shoWn, the chip carrier 12 may be modi?ed to
include pins braZed to the I/O pads for connection to the
board 14 to de?ne a pin grid array (PGA).

In another embodiment of the invention the substrate
comprises a ceramic substrate.
There is disclosed in accordance With another aspect of
the invention a semiconductor chip interposer including a

45

difference in thermal expansion, particularly betWeen the
carrier 12 and the board 14, limits reliability due to fatigue
from thermal cycling of the interconnections betWeen the
chip carrier 12 and the board 14. The fatigue occurs in
thermal on/off cycling due to the thermal expansion mis

ceramic substrate having I/O pads and the interposer is
joined to the substrate by co-sintering using the substrate I/O
pads and the interposer I/O pads to provide a glass-ceramic

pin grid array.
Further features and advantages of the invention Will be
readily apparent from the speci?cation and from the draW
mg.

match betWeen the carrier 12 and board 14 Which are joined,

DESCRIPTION OF THE DRAWING

for example, by solder. Depending on construction of the
carrier 12, the chip 10 to carrier 12 interconnects can also be

affected by this phenomenon.

FIG. 1 is a side elevation vieW of a prior art integrated
55

circuit;
FIG. 2 is a partial sectional vieW of a semiconductor chip

The present invention is directed to overcoming one or

interposer according to the invention;

more of the problems discussed above, in a novel and simple

FIG. 3 is a side elevation vieW of an integrated circuit

manner.

single chip module, similar to FIG. 1, including the inter
SUMMARY OF THE INVENTION

poser of FIG. 2 illustrated in section;
FIG. 4 is a side elevation vieW, similar to that of FIG. 3,

In accordance With the invention, there is provided a

semiconductor chip interposer for increasing fatigue life of

illustrating a segmented interposer according to the inven

interconnections by distributing mismatch of thermal coef
?cient of expansion betWeen circuit components.
Broadly, there is disclosed herein a semiconductor chip
interposer for increasing fatigue life of interconnections

tion in a multichip module;
65

FIG. 5 is a side elevation vieW of an integrated circuit

having a carrier and the interposer according to the invention

joined by co-sintering;
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range of, for example, 10—16 ppm/° C. Instead of a mis

FIG. 6 is a side elevation vieW, similar to that of FIG. 5,

match on the order of about 16 ppm/° C., as With the circuit

for a multichip module;
FIG. 7 is a side elevation vieW of a glass-ceramic pin grid

of FIG. 1, the interposer 20 provides tWo smaller

array using the interposer according to the invention; and

mismatches, on the order of about 6—10 ppm/° C. Thus

FIG. 8 is a side elevation vieW shoWing the interposer
according to the invention interconnecting a chip to a circuit
board.

subject to less fatigue to increase and enhance reliability and
component life.

DETAILED DESCRIPTION OF THE
INVENTION

the invention With a multichip module 40. The multichip
module 40 includes plural chips 42 connected to a large
ceramic substrate 44 using solder balls 46. A segmented

With reference to FIG. 2, a semiconductor chip interposer
20 according to the invention is illustrated. The interposer 20
is adapted to distribute mismatches of thermal coefficients of
expansion (TCE) betWeen various components in an inte
grated circuit, such as that shoWn in FIG. 1 and discussed
above. Particularly, interconnection betWeen, for a ceramic

interconnections on either side of the interposer 20 are

FIG. 4 illustrates use of an interposer in accordance With
10

interposer 48 according to the invention provides intercon
nection betWeen the substrate 44 and a printed circuit board
15

chip carrier and board interconnection is accomplished using
a thin interposer Which has a thermal coef?cient of expan

sion intermediate the TCE of the ceramic chip carrier and the
TCE of the board. As an example, if the ceramic chip carrier

50 using solder balls 46. The segmented interposer 48
comprises plural smaller area interposers 20, thus reducing
the distance to neutral point (DNP) and the effect of stresses
on the interconnect, given the same TCEs and temperature
cycling as discussed above relative to FIG. 3.
With reference to FIG. 5, a single chip module 60 is
illustrated. The SCM 60 is similar to that shoWn in FIG. 3,

has a TCE of 3 ppm/° C. and the board has a TCE of 19

except that the interposer 20 is joined to the carrier 34 by
co-sintering the carrier I/O pad 34P of FIG. 3 and the
interposer I/O pads 30 to produce a connection 62. Similarly,

ppm/° C., as discussed relative to FIG. 1, then the interposer

FIG. 6 illustrates the extension of the SCM 60 of FIG. 5 to

Will have a TCE in the range of about 10—14 ppm/° C.

The interposer 20 comprises a thin metal plate 22 having
through openings or via holes 24 through the plate 22. The

an MCM, as With FIG. 4 relative to FIG. 3.
25

via holes 24 may be formed in any knoWn manner, such as

drilling, etching, etc. The via holes 24 are patterned accord

ing the bottom surface metallurgy (BSM) of the correspond
ing component With Which it Will be used. The metal plate

74 may alternately use materials such as Cu—Sil and

22 may be, for example, stainless steel, nickel, aluminum,
Ti, Ti—Al, Ti—Al—V, or the like. The thickness of the plate
22 should be greater than 2 mils. For example, the plate 22
might be a metal foil in the range of 2—8 mil thickness.
To provide insulation betWeen via holes 24, an insulation

35

coating 26 is provided on the plate 22, including on Walls of
the via holes 24. Advantageously, the insulation coating 26
comprises an oxide coating. The oxide coating 26 may be a
thermally groWn oxide or be formed by anodiZation. Using
conventional masking technology, the via holes 24 With the
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embodiments discussed above, the interposer 20 has its TCE
intermediate betWeen those of the chip 82 and the organic
card or board 84.

As an alternative, the interposer may be constructed of a
ceramic material having a TCE intermediate that of the
carrier and board With Which it Will be used. Such a ceramic

The appended ?gures provide a general overvieW of the
interposer concept in accordance With the invention as a

means for enhancing TCE-related fatigue reliability. The

material Would appropriately distribute the mismatch, as
discussed above. If ceramic is used, then the oxide coating

selection of interposer material, such as metal or ceramic,
and the method of processing is otherWise obvious to those
skilled in the art after revieWing the concepts described
herein.
We claim:

is not necessary, as is apparent.

As is apparent, the speci?c siZe and number of intercon
nects utiliZed in the interposer 20 depends on the particular

circuit design.

Au—Sn. The pins 72 and I/O pads 30 are electroplated With
nickel and gold. The interposer I/O pads 30 on the other side
are joined to glass ceramic BSM I/O pads 76 With a thin
solder joint 78. The solder joint 78 could be formed using a
soft solder, such as Pb—Sn. Alternatively, the interposer 20
is prejoined to the substrate 68 by co-sintering With the
ceramic and then pins are braZed on the other side of the
interposer, as described above.
Finally, referring to FIG. 8, an SCM 80 illustrates use of
the interposer 20 for attaching a semiconductor chip 82 to an
organic card or board 84 using solder balls 86. In this
embodiment, a chip carrier is not utiliZed. As With the

insulation coating 26 are ?lled With an electrical conductive
material 28 and to form I/O pad 30 on both sides. The via

conductive material 28 and the I/O pads 30 may be formed,
for example, of materials such as Cu, Cu—Ni, Ni, Ag, Au or
Pd.

Referring to FIG. 7, a glass ceramic pin grid array (PGA)
module 64 according to the invention is illustrated. A
semiconductor chip 66 is connected to a glass ceramic
substrate 68 using solder balls 70. Pins 72 are braZed to the
interposer I/O pads 30 on one side. The pins 72 are prefer
ably Kovar pins and utiliZe a Cu—Ag braZe 74. The braZe
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Referring to FIG. 3, the interposer 20 according to the
invention is illustrated in a single chip module (SCM) 31
including a chip 32, a glass ceramic substrate 34, and the

1. A semiconductor chip interposer for increasing fatigue
life of interconnections betWeen a ?rst component having a

relatively high thermal coef?cient of expansion (TCE) and a
second component having a relatively loW TCE, comprising:

circuit board 36. Solder balls 38 are used to provide inter

a thin substrate having a TCE intermediate the relatively

connection betWeen the chip 32 and the carrier 34. LikeWise,

high TCE and the relatively loW TCE and a plurality of

solder balls 38 are used for the interconnections betWeen

through holes that are electrically insulated from one
another, Wherein the substrate is a thin metal plate
having a thickness in the range of 2—8 mil; and
an electrical conductive material ?lling each of the insu

carrier I/O pads 34P and the interposer I/O pads 30 and
betWeen the interposer I/O pads 30 and the board 36.
In such an application, the carrier 34 might have a TCE in
the range of 3—7 ppm/° C., While the board might have a
TCE greater than 20 ppm/° C. The metallic interposer 20 in
accordance With the invention could then have a TCE in the

65

lated through holes for electrical interconnection
betWeen the ?rst component and the second compo
nent.

US 6,319,829 B1
5
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2. The interposer of claim 1 wherein the substrate includes
an insulation coating on said thin metal plate including on
Walls of the through holes.
3. The interposer of claim 2 Wherein the insulation coating
comprises an oXide coating.

6. The interposer of claim 4 Wherein the insulation coating
comprises an oXide coating.
7. The interposer of claim 4 Wherein the chip comprises
a rnulti-chip module and the interposer comprises a seg
5

life of interconnections betWeen a ?rst component having a

relatively high thermal coef?cient of expansion (TCE) and a
second component having a relatively loW TCE, comprising:
a thin metal plate having a plurality of through holes, the

interposer is joined to the substrate by co-sintering the
substrate I/O pads and the interposer I/O pads.

thin metal plate having a TCE intermediate the rela

tively high TCE and the relatively loW TCE;

10. The interposer of claim 8 further comprising conduc

an insulation coating on said thin metal plate including on

Walls of the through holes; and
an electrical conductive material ?lling each of the insu

rnented interposer.
8. The interposer of claim 4 further comprising conduc
tive I/O pads on either side of the through openings elec
trically connected to the conductive material.
9. The interposer of claim 8 Wherein the second compo
nent is a glass-cerarnic substrate having I/O pads and the

4. A serniconductor chip interposer for increasing fatigue

15

tive pins braZed to I/O pads on one side of the interposer.
11. The interposer of claim 10 Wherein the second corn

ponent is a glass-cerarnic substrate having I/O pads and the

lated through holes for electrical interconnection
betWeen the ?rst component and the second compo

interposer is joined to the substrate by co-sintering using the

nent.

glass-cerarnic pin grid array.

substrate I/O pads and the interposer I/O pads to provide a

5. The interposer of claim 4 Wherein the thin metal plate
is a metal foil having a thickness in the range of 2—8 mil.
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